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© Phytate hydrolysis and enzyme composition for hydrolyzing phytate. 



© An enzyme composition having a synergetic phytate hydrolyzing activity comprising a phytase having 
phytate hydrolyzing activity at a pH of from 2.5 to 5.0 and an acid- phosphatase having phytate hydrolyzing 
activity at a pH of 2.5, in a low ratio corresponding to a pH 2.5/5.0 activity profile of from 0.8/1.0 to 3/1. Said 
enzyme composition preferably displays a higher synergetic phytate hydrolyzing efficiency through thermal 
treatment. Fungal enzymes, especially those from Aspergillus, are preferred. Use of said enzyme composition 
in food, feed and fodder products to improve phytate hydrolysis. 
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Field of the invention 

This invention is in the field of phytin hydrolysis by enzymes, in particular phytases, capable of 
hydrolyzing the organic phosphorus compound phytate into inorganic phosphorus and inositol. 

5 

Background of the invention 

It is a well established fact that the presence of essential minerals plays an important role in animal 
feeding. The availability and assimilation of these feed components is reflected in the performance of the 
jo animal and the excretion in the manure. Due to the increase of the intensive livestock production, manure 
production causes environmental problems, partly because of its phosphates. Moreover, legislation concern- 
ing the manure problematic, especially the phosphorus content of the manure, entails expenses, which 
makes it necessary to reduce phosphorus excretion in the environment. 

Phosphorus is added to the feed by different plant raw materials, animal byproducts and inorganic 
75 phosphorus. 

Phytic acid or phytate is the hexa-phosphorus ester of inositol (myo-inositol hexakisphosphate). found in 
many seeds and cereals. It acts as the primary storage form of both phosphorus and inositol and accounts 
for more than 50 % of the total phosphorus content (LOLAS et ah, 1976; SAUVEUR, 1989). Oilseeds can 
contain up to 5.2 % of phytin (REDDY et al., 1982). 

20 However, phytin phosphorus of plant raw materials is poorly digested by monogastric animals such as 
poultry, swine and man because of their simple intestinal tract: they lack or have only low intestinal phytase 
activity to catalyze the hydrolysis of these phytates in their intestine and phytin phosphorus released in the 
colon is excreted in the environment. Plant raw materials are by these means poor phosphorus sources for 
animal feeding, and additional phosphorus has to be included in the diet by animal byproducts or inorganic 

25 phosphates. 

Moreover, phytin is considered as an anti-nutritional factor due to its chelating properties: it binds many 
multivalent cations such as Ca 2+ , Fe 3+ , Mg 2+ and Zn 2+ by forming insoluble complexes therewith and hence 
reduces the bioavailability and absorption of these essential dietary minerals. Besides, complexation of 
proteins with phytin (COSGROVE, 1966) obstructs enzymic protein digestion. 
30 The negative effects of phytin on phosphorus and mineral metabolism, coupled to a high phosphorus 
excretion in the environment and the existence of a legislation concerning phosphorus excretion, makes it 
necessary to render phytin phosphorus bioavailable. 

Phytin can be hydroiysed enzymatically by phytases either present in plant raw materials or produced 
by microorganisms. 

35 The enzyme phytase (myo-inositol hexaphosphate phosphohydrolase E.G. 3.1.3.8.) hydrolyses, under 
proper conditions, phytic acid or phytate into inorganic phosphate, inositol and inositol mono- to penta- 
phosphates. 

Phytase is widely distributed in plants and microorganisms, especially fungi, but is found only, in 
insignificant quantities in the intestinal tract of monogastric animals. 

40 Plant phytases are, due to their low pH-stability and narrow pH-activity range (SUTARDI & BUCKLE, 
1986; LOLAS & MARKAKIS, 1977) rapidly inactivated in the digestive tract of monogastric animals, and their 
in vivo efficiency is low (EECKHOUT & DE PAEPE, 1991). They are therefore of minor importance for the 
animal compound feed formulation. 

On the contrary, some microbial phytases have a broad pH-stability and pH-activity range, by which 

45 phytin can be hydroiysed more efficiently in the intestinal tract of the animal. For this reason, microbial 
phytase production processes have been developed to upgrade phytin phosphorus in animal diets by 
application of phytase that can tolerate the acid conditions in the stomach. Nevertheless, thermostability of 
phytase is still too low to withstand the high temperatures (70-80 'C) achieved during the compound feed 
manufacturing process. In view thereof, it may be necessary to apply an overdosis of 30%. 

so It has already been demonstrated in vivo that the addition of fungal phytase can improve the 
assimilation of phytin phosphorus and minerals, by which the phosphorus conversion coefficient is 
increased and the phosphorus amount in feeds and manure is reduced. 

Microbial phytase activity is well documented. Next to bacterial (GREAVES et al., 1967; IRVING & 
COSGROVE, 1971; POWAR & JAGANNATHAN, 1982) and yeast phytases (NAYINI & MARKAKIS, 1984), 

55 phytases are mainly found in molds, in particular Aspergillus strains (SHIEH & WARE, 1968; YAMAMOTO 
et al.. 1972; YOUSSEF et al., 1987). Most of these strains, and other microorganisms, also produce acid 
phosphatases. Although some phosphatases have been called phytases, they are rather nonspecific and 
their hydrolytic activity to phytin is low compared to other organic phosphates. 
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Dependent on fermentation conditions, Aspergillus ficuum NRRL 3135 wild type strain produces a 
mixture of extracellular phosphatases and phytases. Phytase and acid phosphatase synthesis can be 
regulated by the phosphorus concentration, according to methods known in the art (SHIEH et aL, 1969; 
ULLAH and CUMMINS, 1987). Recently published patent applications claim the use of genetic engineered 
5 Aspergillus ficuum NRRL 3135 and Aspergillus niger strains to obtain a high production level of phytase 
(E.P. 0 420 358 A1). Cloning of acid phosphatase has also been mentioned in this document. 

Purification of crude A. ficuum NRRL 3135 phytase culture broth (ULLAH & GIBSON, 1987) gives a 
phytase with two distinct pH-optima: highest activity is found at pH 5.0-5.5 while the second activity peak 
(60% of pH 5.0 activity) occurs at pH 2.2. 
10 ULLAH & CUMMINS (1987) purified an Aspergillus ficuum NRRL 3135 acid phosphatase (or- 
thophosphoric monoester phosphohydrolase E.C. 3.1.3.2.) with a pH-optimum of 2.5. The acid phosphatase 
is 65% less active at pH 4.5 and is virtually inactive at pH 6.0. Another acid phosphatase was purified by 
ULLAH & CUMMINS (1988) with a pH-optimum of 6.0. 

Both acid phosphatases were unable to accommodate phytate as a substrate although they exhibit a 
75 broad substrate selectivity on various organic phosphomonoesters (ULLAH & CUMMINS, 1988). IRVING & 
COSGROVE (1974) on the contrary mentioned a side activity (16%) of A. ficuum acid phosphatase with 
pH-optimum 2.2 on phytate. 

Recent publications of ZYLA (1993) describe the action of acid phosphatase in the presence of phytase 
from Aspergillus niger on feed raw materials and feed at different pH values. 
20 A. ficuum NRRL 3135 phytase and acid phosphatases not only differ from each other in substrate 
specificity and pH-optima, but also in temperature optima. Phytase develops highest activity at 58 °C and 
looses all activity at 68 °C. The acid phosphatase with pH-optimum 2.5 has a temperature optimum of 63 *C 
and still retains 88% of its catalytic acitity at 70 - C. 

The temperature optimum of the acid phosphatase with pH-optimum 6.0 is also 63 ° C r but the enzyme 
25 looses 92% of its activity at 70 *C. From this, it can be concluded that the acid phosphatase with pH- 
optimum 2.5 is active at a higher temperature range than the phytase and the acid phosphatase with pH- 
optimum 6.0. 

A non-purified intracellular acid phosphatase from a waste mycelium of Aspergillus niger has a pH- 
optimum of from 1.8 to 2.6 and a temperature optimum of 60 *C. Residual acid phosphatase acitivity at pH 

30 4.5 was still 85% of its maximum (ZYLA et al. f 1989). 

Aspergillus ficuum phytase activity is supplemented to pig and broiler feed according to the desired 
phytin and faecal phosphorus reduction, combined with a good performance of the animal, including growth 
and feed conversion. A phytase activity of 500 to 1000 Units (pH 5)/kg feed is mentioned for pig and broiler 
diets (SIMONS et al., 1990), in which an activity of 500 Units/kg is equal to 0.8 g phosphorus/kg in pig feed 

35 and 1.0 g/kg in chicken feed (BORGGREVE, 1991; VAHL, 1991). Recommended addition of phytase to pig 
feed is limited to 600 Units/kg because of a decreasing effect of additional units (Natuphos manual, Gist- 
Brocades). 

In vitro hydrolysis of phytin in the plant raw materials wheat bran and soya beans with non-purified 
intracellular Aspergillus niger acid phosphatase is completed after 2 h at a respective dosage of 12000 and 
40 30000 Units/kg, 40 • C and pH 4.5, while phytin hydrolysis in broiler feed is completed after 4 h reaction 
time under the same conditions. This reflects the inefficiency of the acid phosphatase to phytin degradation 
(ZYLA et aL, 1989). 

ZYLA & KORELESKI (1993) indicated that the in vitro action of acid phosphatase additional to phytase 
of Aspergillus niger on rapeseed and soya bean is influenced by the pH of incubation. The incubations 
45 were performed at a relatively high acid phosphatase/phytase ratio (3.5/1 to 62/1 expressed in phytate 
hydrolyzing activity). 

ZYLA (1993) indicated that the dephosphorylation action of Aspergillus niger acid phosphatase on 
phytin is different from the action of Aspergillus niger phytase, resulting in an additive action between both 
enzymes (and a shorter degradation time). The total phosphorus liberation from phytate was indicated to be 
so slower with the more purified phytase preparation (i.e. lower acid phosphatase/phytase ratio). Nevertheless, 
the most purified preparation still contained a high acid phosphatase/phytase ratio (3.5/1). 

Summary of the invention 

55 This invention is based on a discovery of a synergetic interaction of fungal acid phosphatases and 
phytases, mixed at a low acid phosphatase/phytase ratio, during in vitro and in vivo hydrolysis of phytin in 
plant raw materials and feeds. 
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This invention provides an enzyme composition having a phytate hydrolyzing activity comprising a 
phytase having a phytate hydrolyzing activity at a pH in the range of from 2.5 to 5.0 and an acid 
phosphatase having a phytate hydrolyzing activity at a pH of 2.5, in a ratio corresponding to a pH 2.5/5.0 
profile of from 0.8/1.0 to 3/1 having a synergetic action on phytate. 

In an enzyme composition according to the invention, the acid phosphalase/phytase ratio preferably 
corresponds to a pH 2.5/5.0 profile of from 1/1 to 2.5/1, more preferably from 1.5/1 to 2/1. 

In an enzyme composition according to the invention, the phytase preferably is a fungal phytase, more 
preferably an Aspergillus phytase. Most suitably, the fungal phytase is selected from the group consisting 
of Aspergillus ficuum phytase, Aspergillus niger phytase and Aspergillus terreus phytase. 

In an enzyme composition according to the invention, the acid phosphatase preferably is a fungal acid 
phosphatase, more preferably an Aspergillus acid phosphatase. Most suitably, the fungal acid phosphatase 
is selected from the group consisting of Aspergillus ficuum acid phosphatase, Aspergillus niger acid 
phosphatase and Aspergillus terreus acid phosphatase. Preferably the acid phosphatase is a thermally 
stable acid phosphatase, in particular an enzyme that is thermally more stable than the phytase. 

In particular, this invention relates to an enzyme composition as defined above which displays an 
improved ratio through thermal treatment, i.e. after thermal treatment shows an improved synergetic 
efficiency as a result of an increased acid phosphatase/phytase ratio. 

The invention further provides a food, feed or fodder product, or a component thereof, containing an 
enzyme composition as defined above, including a thermally treated food, feed or fodder product, or a 
component thereof, containing an enzyme composition as defined herein. 

In addition, this invention provides a process for hydrolyzing phytate, comprising the step of treating a 
raw material which contains phytate with an enzyme composition as defined herein, said treatment being 
carried out under hydrolyzing conditions at a pH where the phytase and acid phosphatase of said enzyme 
composition have hydrolyzing activity. 

Preferably, said treatment is carried out at a pH of from about 2 to about 6, more preferably at a pH of 
about 2.5. 

In said process, the phytate-containing raw material preferably is a vegetable (plant) raw material, such 
as more in particular a soyabean or wheat raw material. 

The invention further provides a genetically modified plant, or a part or product derived therefrom, said 
plant containing a gene encoding a fungal phytase and a gene encoding a fungal acid phosphatase, both 
genes being effectively linked to transcriptional and translational control sequences to allow expression of 
the enzymes encoded by said genes. 

The invention also provides a process for improving feed or fodder digestion in livestock production and 
reducing phosphorus excretion in livestock manure, comprising feeding the livestock with a feed or fodder 
containing an enzyme composition as defined herein. 

Detailed description of the invention 

The present invention describes an improved enzymic degradation of plant phytin by an appropriate 
acid phosphatase/phytase mixture due to a synergetic interaction between both enzymes. 

In nature, phytin acts as the primary storage form of both phosphorus and inositol in many plant seeds 
and cereals. During sprouting, phosphorus is liberated from phytin by action of the phytase, present in 
those seeds and cereals. 

As those plant raw materials are used in the food and feed industry, phytin is a potential phosphorus 
source for man and animal. However, bioavailability of this phytin is limited for monogastrics: plant phytases 
are inactivated in the gastro-intestinal tract by stomach acids, by which their in vivo efficiency is low. 
Therefore, processes can be developed to improve bioavailability of phytin phosphorus and hence 
bioavailability and absorption of essential dietary minerals. 

a. enzymic pretreatment of plant raw materials to increase digestible phosphorus; 

b. enzymic pretreatment of the feed or food; 

c. in vivo phytase action. 

Whereas plant phytases can play an important role in the pretreatment of plant raw materials, feeds and 
food (neutral pH), they are of lower importance to the in vivo action (stomach pH (2)). 

In vivo phytin hydrolysis can be achieved better by microbial, more specific fungal phytases, which can 
develop a high activity at the acid stomach pH, and have a high pH-stability. Phytin hydrolysing enzymes 
are produced by fungi belonging to the Aspergillus, Mucor, Rhizopus, Botrytis,... genus. These fungi 
produce a mixture of acid phosphatases (E.C.3.1.3.2) and phytases (E.C.3.1 .3.8), both hydrolysing phytin, 
but with a different specificity to phytate and phosphate-monoesters. However, most of these organisms 
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have a low enzyme production level. As the production level of these enzymes is of utmost importance to 
render the process economic, Aspergillus (icuum NRRL 3135 was selected as a highly productive strain. 
Alternative fungi are Aspergillus niger and Aspergillus terreus, with a lower production level. 

Although both acid phosphatases and phytases can hydrolyse dissolved purified phytin, acid 

5 phosphatases show little activity on the phytin in plant raw material, feed or food, both in vitro and in vivo. 
They were therefore, until recently, neglected as phytin hydrolysing enzymes. However, despite the low 
phytin hydrolysing activity of acid phosphatases when used as sole enzyme source, phytase action on 
phytin can be improved by supplementation with acid phosphatase, due to a synergetic interaction between 
both enzymes, dosed at fixed ratios of acid phosphatase/phytase activity. The synergetic action is present 

70 at an appropriate composition and low ratio of both enzymes. 

Besides pH-stability, thermostability of the phytin hydrolysing enzymes is an important factor as to food 
and feed production processes. As the current compound feed production process often relies on pelletted 
feed, enzymes that are added to the feed prior to pelleting should withstand the high temperatures achieved 
in the feed mill (75-80 *C) to assure a predictable phytin hydrolysis. A. ficuum phytase is partly denaturated 

75 at these temperatures, by which an overdosis of 30 % is necessary. On the contrary, A. ficuum acid 
phosphatase is more stable, by which denaturation is less, and an acid phosphatase/phytase mixture is 
more stable to the feed pelleting process than phytase itself. 

Thus by using a mixture of acid phosphatase and phytase instead of phytase as sole enzyme, plant 
phytin hydrolysis is improved, not solely as a result of a higher thermostability of this enzyme mixture, but 

20 mainly as a result of an improved synergetic interaction between both enzymes as the ratio pH 2.5/5.0 
phytate hydrolyzing activity will increase by the different thermal degradation of both enzymes. 

Fungal A. ficuum or A. niger add phosphatase (E.C.3.1 .3.2) and A. ficuum phytase (E.C.3.1.3.8) are 
both able to hydrolyse dodecasodium phytate in liquid, but their main activity is different: phytase has a 
main activity on phytate (1) and a side activity on mono-phosphate esters (2); acid phosphatase has a main 

25 activity on mono-phosphate esters and a side activity on phytate (example I). The ratio (1)/(2) of Aspergillus 
ficuum phytase activity on phytate and disodium-jS-glycerophosphate amounts to 6.6, while A ficuum acid 
phosphatase ratio (1)/(2) amounts to 0.13, indicating the high specificity of phytase to phytate. For 
Aspergillus niger the ratio (1)/(2) amounts to 0.17. As employed furtheron, acid phosphatase activity always 
refers to phytate hydrolysis. The acid phosphatase has one optimum activity at pH 2.3, while phytase has 

30 an optimum activity , at pH 5.0, with a second activity peak at 2.5. Enzyme mixtures of phytase and 
phosphatase are furtheron characterized by the ratio (a/p) of their activity at pH 2.5 (a) and pH 5 (p) on 
phytate. Pure phytase a'p ratio is found 0.6/1 and pure acid phosphatase a/p ratio is found 1/0. 

A. ficuum NRRL 3135 and A. niger phytase and acid phosphatase solutions were obtained by methods 
known in the art. 

35 An in vitro phytase test was set up on standard pig feed, low humidity level (70%), pH 2.5 and 40 *C, 3 
hours incubation, to determine the active component in phytase preparations (figures). 

A. ficuum NRRL 3135 phytase preparations with different a/p ratio were dosed to pig feed, either based 
on pH 2.5 activity (Ua) or based on pH 5 activity (Up) on phytate. 

There existed no direct correlation between phytase pH 2.5 activity and phytin hydrolysis, although the 

40 degradation took place at pH 2.5, and the acid phosphatase was "capable of hydrolysing dissolved sodium 
phytate in liquid (figure 1). On the other hand, phytin hydrolysis could be correlated to phytase pH 5.0 
activity, especially when phytase preparations were separated in preparations with a/p ratio < 1.5/1 and 
preparations with a/p ratio between 1 .5/1 and 3/1 (figure 2). 

From this it could be concluded that the acid phosphatase activity on the feed phytin was not dominant. 

45 However, a variation between the different phytase preparations, dosed at the same pH 5.0 activity, was still 
detected. This variation was found to correspond with a different acid phosphatase activity in the phytase 
preparations (example II): as the a/p ratio increased from 0.6/1 to 3/1, "and consequently the acid 
phosphatase amount increased, phytin hydrolysis in pig feed was favoured and the efficiency (amount of 
phytin phosphorus released by the phytase preparation (pH 5.0 activity) - (g PP/500 Up) of the phytase 

so mixture increased (figure 3). 

The importance of A. ficuum acid phosphatase 1/0 in a phytase preparation with a/p > 0.6/1 was 
proven by in vitro hydrolysis of pig feed phytin by phytase preparations 0.6/1 and 1/1, with and without 
supplementation of acid phosphatase 1/0 to an a/p ratio = 2/1 (example III). Moreover a synergetic effect 
between the phytase and acid phosphatase was observed. Dosing the same phytase 0.6/1 activity (Up) to 

55 the pig feed, supplemented with acid phosphatase to an a/p ratio 2/1, phytase efficiency increased from 
0.55 to 1.25 g PP/500 Up, with a synergetic effect of 0.49 g PP/500 Up. The synergetic effect between A. 
ficuum phytase and acid phosphatase on the pig feed was maximal at an a/p ratio of 1.5 - 2/1 and 
displayed a decreasing effect when a/p increased to 3/1 . Above this ratio, no additional synergetic effect 
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* can be detected (figure 3). 

Feeds differ from each other in feedstuff composition and might, as such, influence phytase action, as 
well as synergetic interaction between phytase and acid phosphatase preparations. Different swine and 
poultry feeds, such as piglet, sow, pig, broiler and layer feeds were incubated in vitro with phytase 
5 preparations a/p 1 .6/1 , 0.6/1 and a mixture of phytase 0.6/1 and acid phosphatase 1/0 to a/p 2/1 . ' 

All phytase and acid phosphatase efficiencies differed strongly for the different feeds (f.e. phytase 0.6/1 : 
0.25 -> 1.5 g PP/500 Up; acid phosphatase: 0.025 -> 0.15 g PP/500 Ua), indicating that the occurrence of 
phytin in the different plant raw materials is different, and influences its enzymic hydrolysis. 

The synergetic effect of A. ficuum acid phosphatase, detected in standard pig feed, was transferable to 
10 the other feeds, but differed strongly for the different feeds (0.25 -> 0.94 g PP/500 Up). 

The influence of phytin origin on the synergetic effect between phytase and acid phosphatase, as 
supposed above, was tested by the in vitro phytin degradation of different plant raw materials which' are 
frequently found in animal compound feeds: peas, wheat bran, soya beans and rice bran (example V). A. 
ficuum phytase 0.6/1 was supplemented with A. ficuum acid phosphatase 1/0 to an a/p ratio = 2/1 . 
75 A. ficuum phytase (0.6/1 and 2/1), as well as acid phosphatase (1/0) efficiencies were strongly variable. 
Although the acid phosphatase had a very low efficiency on the standard pig feed (0.15 g PP/500 Ua), 
some plant phytin, like rice bran phytin, could easily be hydrolysed by this acid phosphatase (0.8 g PP/500 
Ua). Other plant phytin, like wheat bran and soya bean meal phytin, was hardly hydrolysed by the A 
ficuum acid phosphatase (0.2 g PP/500 Ua). 
20 The synergetic effect between the A. ficuum phytase and acid phosphatase, noticed in feed, was only 
found in those plant raw materials in which the acid phosphatase itself had a low efficiency (0.2 g PP/500 
Ua): synergy in soya bean meal: 0.57 g PP/500 Up; synergy in wheat bran: 0.47 g PP/500 Up. 

The synergetic effect between the phytase and acid phosphatase was low, when the phytin was already 
hydrolysed by the acid phosphatase itself: synergy rice bran: 0.13 g PP/500 Up). Pea phytin was hardly 
25 hydrolysed by both enzymes, and a synergetic interaction could not be detected. 

Consequently, the interaction between A. ficuum acid phosphatase 1/0 and phytase 0.6/1 in feed can 
be explained as a result of the normal additive effect supplemented by different synergetic effects on the 
different plant raw materials which compose the feed. 

Besides A. ficuum NRRL 3135, phytase and acid phosphatase are also produced by Aspergilius niger 
30 strains. As A. ficuum, A. niger produces a mixture of extracellular phytase and acid phosphatase. A. niger 
acid phosphatase 1/0 has an identical pH activity profile as A. ficuum acid phosphatase with a pH-optimum 
of 2.3. Following experiments proved the synergetic effect between phytases and acid phosphatases of 
different fungal origin. 

in vitro phytin hydrolysis in standard pig feed by liquid A. niger phytase preparations was identical to 
35 the hydrolysis with A. ficuum NRRL 3135 phytase preparations (example VI). The A. niger phytase 
efficiency increased from 0.75 to 1.15 g PP/500 Up as the a/p ratio of the phytase preparation increased 
from 0.9/1 to 1.6/1. 

Addition of acid phosphatase, either from A. niger or A. ficuum NRRL 3135, to an A. niger phytase 
preparation a/p 1.15/1 to increase a/p ratio to respectively 1.9/1 and 1.6/1, proved the synergetic interaction 
40 of these enzymes (Example VII). 

The efficiency of both acid phosphatases was similar. When acid phosphatase was added to the A. 
niger phytase 1.15/1, residual phytin phosphorus in the feed was zero, by which enzyme efficiency and 
synergy could not be calculated correctly, because of depletion of the phytate substrate. 

A synergetic interaction was also observed between A. niger acid phosphatase and A, ficuum NRRL 
45 3135 phytase: efficiency was doubled (0.85 -> 1.8 g PP/500 Up) when A. ficuum phytase 0.6/1 was 
supplemented with A, niger acid phosphatase 1/0 to a/p 1.9/1, with a synergetic effect of 0.62 g PP/500 Up 
(example VIII). 

The A. ficuum NRRL 3135 acid phosphatase 1/0 has the advantage of an enhanced thermostability in 
liquid conditions, and during feed pelleting, by which the synergetic effect between phytase 0.6/1 and acid 
so phosphatase 1/0 in pelletted feed can be promoted. 

The denaturation of a liquid phytase 0.6/1 solution amounted to 60%, for both pH 2.5 and pH 5 activity, 
after 1 min at 80 *C and pH 5 (0.5 M Acetate buffer), while an acid phosphatase 1/0 solution only lost 10% 
of its activity under identical incubation conditions. 

Thermostability under feed mill conditions was simulated. Vials were filled with standard pig feed 
55 supplemented with a liquid phytase 0.6/1 or acid phosphatase 1/0 preparation. Humidity of the mixture was 
12.2%. The vials were closed and heated at different temperatures (60-90 *C) by immersion in a water bath 
(example IX). 
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A. ficuum acid phosphatase 1/0 activity (pH 2.5) still amounted to 100% after 10' heating at 70 
while A. ficuum phytase 0.6/1 had already lost 40% of its activity (pH 2.5). At 80 *C. acid phosphatase 
activity decreased to 65% and phytase activity to 35%. 

The higher thermostability of A. ficuum acid phosphatase 1/0, already detected in liquid and feed, was 
5 furtheron detected in pilote and industrial mill. 

Pig feed, supplemented with A. ficuum phytase 0.6/1 or acid phosphatase 1/0 liquid (3000 Ua/kg feed), 
was pelleted on pilote scale (example X). Temperature of the pellets was controlled by steam addition in the 
meal conditioner. 

Phytase 0.6/1 lost on the average 55% of its activity at a pellet temperature range of 68.6-72.1 • C, while 
w acid phosphatase 1/0 only lost on the average 25% of its activity at 71 .6-73.1 • C (pH 2.5 activity). 

An industrial pelleting experiment was set up with dried phytase preparations. Phytase 0.6/1 and 
phytase mixture 1.25/1 were mixed in standard pig feed (900 Up/kg feed) and passed through an industrial 
feed mill (oxamplo XI. The efficiency of the phytase mixture 1.25/1 in the meal, before pelleting was 160% 
of the phytase 0.6/1 efficiency: 0.95 <-> 0.6 g PP/ 500 Up. After pelleting, at approximately 75 *C (pellet 
75 temperature), the efficiency of the phytase 1.25/1 amounted to 190% of the phytase 0.6/1: 0.75 <-> 0.4 g 
PP/500 Up. This increase can be ascribed to a combination of a higher thermostability of the acid 
phosphatase 1/0 present in the phytase 1.25/1 preparation and the synergetic effect between both enzymes: 
the activity loss (33%) of the phytase 0.6/1 component in the phytase 1.25/1 preparation, was compensated 
by the increase of the a'p ratio to 1.25/0.66 = 1.9/1 in the pelletted feed. 
20 The synergetic effect between A. ficuum NRRL 3135 phytase 0.6/1 and acid phosphatase 1/0, noticed 
during in vitro phytin hydrolysis and the higher thermostability of the acid phosphatase, might favour in 
vivo phytin hydrolysis in pelletted feed. 

In vivo digestion trials with pigs (example XII and XIII) were set up to determine the effect of A. ficuum 
acid phosphatase 1/0, supplemented to A. ficuum phytase 0.6/1. Phytase or acid phosphatase action in 
25 vivo was measured through the faecal digestible phosphorus (dP), due to enzymic phytin hydrolysis. In 
vivo faecal dP is calculated as follows: total phosphorus intake - total phosphorus excretion. An increase in 
dP is calculated by the difference of the in vivo dP and the dP calculated during feed formulation. 

In pig trial I (example XII) the dP increased with 0.78 g/kg feed by adding phytase 0.6/1 at 750 Up/kg 
feed; supplementation of the phytase with acid phosphatase 1/0 at 1050 Ua/kg feed to increase a/p ratio to 
30 2/1 increased dP to 0.89 g/kg feed, with a synergetic efficiency of 0.055 g dP/500 Up. Acid phosphatase, 
solely added to the feed (1050 Ua/kg feed), had no influence at all on the dP level in the feed: dP remained 
unchanged after the test period. 

The efficiency of the phytase in this trial was low (0.52 g dP/500 Up) because of its high dosage. 
By addition of acid phosphatase to the phytase, global efficiency increased wrth 13% relative from 0 52 
35 to 0.59 g dP/500 Up. 

The in vivo synergetic effect in dP for both phytase and phytase/acid phosphatase mixture was also 
translated in a decreased phosphorus excretion: addition of phytase (750 Up/kg of feed) reduced phos- 
phorus excretion with 37%, while the phytase/acid phosphatase mixture reduced the phosphorus excretion 
with 41%, compared to the control feed. This supplementary reduction of excretion (11% relative) can be 
40 reflected in a lower cost with respect to the phosphorus excretion legislation. 

In pig trial II (example XIII), phytase 0.6/1 was dosed to the pig feed at a recommended level of 400 
Up/kg. The dP increased with 0.58 g/kg feed by addition of phytase, and with 0.62 g/kg feed by 
supplementing the phytase with acid phosphatase 1/0 (580 Ua/kg) to a/p ratio = 2/1. 

Lowering the phytase level, its efficiency increased to 0.725 g dP/500 Up. 
45 By addition of acid phosphatase, the overall efficiency increased with 24% (relative) to 0.9 g dP/500 Up, 
with a synergetic effect of 0.125 g dP/500 Up. 

From both trial I and II, it can be concluded that the in vivo synergetic effect between A. ficuum 
phytase and acid phosphatase is more pronounced at lower phytase and acid phosphatase level (example 
XIV). As the dosage of the phytase + acid phosphatase mixture decreased from 750 Up + 1050 Ua/kg to 
so 400 Up + 580 Ua/kg, the efficiency increased from 0.59 to 0.9 g dP/500 Up. 

Brief description of the drawings 

Plant phytin was hydrolysed in vitro in standard pig feed with 0.33 % phytin phosphorus by different 
55 Aspergillus ficuum phytase preparations with a/p ratio, varying between 1/0 and 16/1. Main components of 
the pig feed were tapioca, peas, maize gluten feed, wheat gluten feed and soya beans extracted. 
Phytase preparations were dosed at different levels: 
1. 0-2.5 Ua (pH 2.5 activity)/g feed (figure 1) 
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2. 0-2.8 Up (pH 5 activity)/g feed (figure 2). 
Total phytin phosphorus of the feed was measured according to ELLIS and MORRIS (1983 and 1986) 
A suitably diluted phytase preparation was added to 2 g of the feed, humidity of the mixture was adapted to 
70% by addition of 0.2 M pH 2.5 Sorensenbuffer, and the mixture was incubated at 40 -C for 3 h After 
5 incubation, the feed was extracted with 40 ml 2.4% HCi (3 h), and residual phytin phosphorus in the extract 
was measured after ion-exchange chromatography and phytin destruction. 

One phytase unit on phytate at pH 5 is abbreviated herein as 1 Up, while one acid phosphatase or 
phytase unit on phytate at pH 2.5 is abbreviated as 1 Ua. 

Figurejl gives the percentage residual phytin phosphorus after phytase action in function of the dosed 
;o pH 2.5 activity: dosing the same phytase pH 2.5 activity to the feed (f.e. 0.5-1 Ua/g). residual phytin 
phosphorus (95-10%) revealed no correlation with enzyme dosis, indicating that there is no correlation 
between phytase pH 2.5 activity and in vitro phytin hydrolysis in pig feed. 

FigureJ gives the percentage residual phytin phosphorus after phytase action in function of the dosed 
pH 5 activity: dosing the same phytase pH 5 activity to the feed (f.e. 0.4-0.5 Up/g), residual phytin 
15 phosphorus revealed a correlation with enzyme dosis. Moreover, if phytase preparations with a/p between 
1.5/1 and 3/1, and a/p < 1.5/1 were separated, the difference in residual phytin phosphorus after phytase 
action at the same pH 5 dosage became smaller: phytase preparations with a/p < 1.5 hydrolysed phytin 
phosphorus less efficiently as phytase preparations with a/p between 1 .5/1 and 3/1 . 

Fi 9 Lire 3 9'ves the in vitro phytin hydrolysis calculated as the amount of phytin phosphorus liberated by 
20 dosing 500 Units phytase (Up) to 1 kg of feed at 40 • C for 3 h (g PP/500 Up). The efficiency of the different 
phytase preparations was compared to the efficiency calculated as an additive effect between the two 
enzymes composing the phytase preparations, phytase 0.6/1 and acid phosphatase 1/0, as in example III. 
The synergetic effect between both enzymes was calculated as the difference between the test result and 
the calculated additive effect. An increasing synergetic effect can be detected with a maximum around a/p 
25 2/1. Above this ratio, no additional synergetic effect can be observed. 

Example I 

Phytase and acid phosphatase pH 2.5 activity was assayed by measuring phoshorus release. 0.5 ml of 
so a suitably diluted enzyme preparation was added to 2 ml of a 1/1 mixture of 0.2 M pH 2.5 Sorensenbuffer 
and 12.5 mM dodecasodium phytate or 25 mM disodium-0-glycerophosphate solution. The reaction mixture 
was incubated for 10 min at 40 *C. The reaction was stopped by adding 2.5 ml of a 10% trichloroacetic acid 
solution. Liberated phosphorus was measured spectrofotometrically by adding 5 ml of a 
vanadate/moiybdate reagent according to the official EEC method. 
35 The pH 5 phytase activity on dodecasodium phytate was measured in a similar way, replacing the pH 
2.5 Sorensenbuffer by 1 M pH 5 Acetate buffer. 

One phytase or acid phosphatase activity unit was defined as the amount of enzyme that liberates 1 
umol of phosphorus/min at 40 * C and respectively pH 5 or pH 2.5. 

The ratio (1)/(2) between the enzyme activity at pH 2.5 on phytate (1) and disodium-/S-gfycerophosphate 
40 (2) determines the specificity of both enzymes: phytase 0.6/1 develops highest activity on phytate, while the 
acid phosphatases develop highest activity on disodium-0-glycerophosphate. 

Table 1 



Enzyme 


pH 2.5 


ratio 


d) 


(2) 


(1)/(2) 


A. ficuum phytase 0.6/1 

A. ficuum acid phosphatase 1/0 

A. niger acid phosphatase 1/0 


77 
490 

8.7 


11.7 
3685 
52 


6.6 

0.13 

0.17 



Example II 

Phytin was hydrolysed in vitro in a standard pig feed with 0.33% phytin phosphorus by different A. 
ficuum phytase preparations. Mean components of the pig feed were peas, tapioca, matze gluten feed! 
wheat gluten feed and soya beans extracted. Total phytin phosphorus of the feed was measured according 
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to ELLIS and MORRIS (1983, 1986). 1.4 Units (Up) of a liquid phytase preparation were added to 2 g of the 
feed, humidity of the mixture was adapted to 70% by addition of 0.2 M pH 2.5 Sorensenbuffer, and the 
mixture was incubated at 40 *C for 3 h. After incubation, the feed was extracted with 40 ml 2.4% HCI (3 h), 
and phytin phosphorus in the extract was measured after ion-exchange chromatography and phytin 
destruction. Phytin hydrolysis was calculated as the difference in phytin content of the feed before and after 
treatment with phytase. in vitro phytase efficiency was calculated as the amount of phytin phosphorus (g 
PP) liberated by 500 Units phytase (Up) per kg feed at 40 *C for 3 h. 

As the a/p ratio of the phytase preparations at low a/p ratio (0.6/1 -> 2/1) increased, efficiency of the 
preparations displayed a linear increase: pure phytase 0.6/1 displayed an efficiency of 0.55 g PP/500 Up, 
while the efficiency of a phytase preparation with a/p ratio = 2/1 amounted to 1.75 g PP/500 Up. Thus, the 
addition of 500 Units (Up) of phytase activity to 1 kg pig feed results in the liberation of an amount of phytin 
phosphorus varying between 0.55 and 1.75 g, depending on the a/p ratio of the phytase. At higher a/p ratio, 
efficiency increase (synergy) is levelled off. 

Table 2 



a/p 


g PP/500 Up 


0.6 


0.55 


0.8 


0.85 


1.0 


1.00 


1.4 


1.20 


1.6 


1.30 


1.7 


1.60 


2.1 . 


1.75 


3.0 


1.80 


16.3 


3.5 



Example III 

Phytin was hydrolysed in vitro in standard pig feed (example II) by A ficuum phytase preparations, 
supplemented with A. ficuum acid phosphatase 1/0 to prove the importance of acid phosphatase in an acid 
phosphatase/phytase mixture. Phytase 0.6/1 was supplemented with acid phosphatase to a/p = 2/1 and 3/1 
by addition of respectively 2 and 3.4 Ua of acid phosphatase to 1.4 Up of phytase; phytase 1/1 (1.4 Up) was 
supplemented with 1.4 and 2.8 Ua of acid phosphatase to a respective a/p ratio 2/1 and 3/1. 

1.4 Up of a liquid phytase preparation (a/p 0.6/1, 1/1, 2/1 and 3/1) was added to 2 g of the feed, 
humidity of the mixture was adapted to 70% or 80% by addition of 0.2 M pH 2.5 Sorensenbuffer, and the 
mixture was incubated at 40 °C for 3 h. 

The efficiency of the acid phosphatase itself was determined by dosing 2 Ua to 2 g of the pig feed and 
incubating the mixture as mentioned above. 

Phytin hydrolysis was calculated as in example II. 

Mixing phytase and acid phosphatase preparations to an a/p ratio 2/1 and 3/1 before addition to the 
feed, increased the efficiency of the enzyme mixture by both additive and synergetic interactions between 
both enzymes. 

For example: addition of 500 Up phytase 0.6/1 to the pig feed liberates 0.95 g phytin phosphorus, while 
the addition of 500 Ua acid phosphatase 1/0 liberates 0.25 g phytin phosphorus. As 500 Up phytase 0.6/1 
have 300 Ua pH 2.5 activity, 700 Ua of acid phosphatase 1/0 are necessary to obtain an acid 
phosphatase/phytase mixture with a/p ratio = 2/1 . If both enzymes have a simple additive effect, efficiency 
can be calculated as follows: 

(500 Up phytase " 0.95 g PP/500 Up) + (700 Ua acid phosphatase * 0.25 g PP/500 Ua) = 1.3 g PP </500 
Up phytase). 

The efficiency noticed in the assay is not 1.3, but 2.1 g PP/500 Up, implicating a synergetic effect of 
0.8 g PP/500 Up. 
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Table 3 



5 



75 



a/p 


g PP/500 U 


test 


add. 


synergy 


1/0 0 


0.15 






i/o- n 


0.25 






0.6/1 


0.55 






0.6/1 -> 2/1 


1.25 


0.75 


0.50 


0.6/1" 


0.95 






0.6/1 — > 2/1" 


2.10 


1.30 


0.80 


1/1 


1.15 






1/1 — > 2/1 


1.50 


1.30 


0.20 


1/1 — > 3/1 


1.75 


1.45 


0.30 



U : Up 

O : g PP/500 Ua 

" : incubation at 80% humidity 

add.: calculated additive efficieny 

syn.: efficiency (test) - efficiency (add.), i.e. the surplus synergetic efficiency 



Example IV 

Phytin was hydrolysed in vitro in different standard feeds (pig, piglet, sow, broiler and layer) by 
different A. ficuum phytase preparations to investigate the synergetic interaction between phytase and acid 
phosphatase on feeds in general. 

Main components of the feeds were: 
piglet : barley, wheat, soya beans extracted, wheat bran, whey powder and fish meal 
sow : tapioca, peas, sunflower seed extracted, rice bran and coconut expeller 
pig 1 : tapioca, peas, soya beans extracted and wheat gluten feed 
pig 2 : tapioca, peas, soya beans extracted, wheat gluten feed and maYze gluten feed 
broiler : sorghum, soya beans extracted, peas and meat meal 
layer : maize, soya beans, sunflower seed extracted and limestone. 
Phytase 0.6/1 was dosed at 0.7 Up/g and acid phosphatase 1/0 at 1 Ua/g. Phytase 0.6/1 was 
supplemented with acid phosphatase 1/0 to a/p 2/1 adding 1 Ua acid phosphatase to 0.7 Up phytase. 
Incubation conditions were similar to example III (80% humidity). Synergetic effect was calculated as in 
example III. 

Both phytase and acid phosphatase efficiency differed strongly for the different feeds. The synergetic 
effect between both enzymes was found in all feeds, but differed for the different feeds. 

Phytase a/p 1.6/1 was dosed at 0.7 Up/g, to different feeds. The efficiency of this phytase confirmed the 
effect of the acid phosphatase 1/0 in an acid phosphatase/phytase mixture. 
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Table 4 

g PP/500 U 
a/p 



5 


Feed 


% 


pp 


1 


6/1 


0. 


6/1 


1/0 (*) 


0.6/1 
->2/l 


add. 


syner< 


10 


piglet 


0 


.15 






0. 


55 


0.025 


>1.0 


0.58 


>0.42 




sow 


0 


.39 


1 


75 


1 . 


5 


0.15 


2.6 


1.71 


0.89 




pig 1 


0 


.23 


1 


.4 


0. 


75 


0.125 


>1.5 


0.93 


0.57 


15 


pig 2 


0 


.32 






0. 


90 


0.15 


2.05 


1.11 


0.94 




broiler 


0 


.15 






0. 


55 


0.075 


>1.2 


0. 65 


>0.55 




layer 


0 


.23 






0. 


25 


0.075 


0.6 


0.35 


0.25 



U : Up 

(*) : g PP/ 500 Ua 

> : phytin phosphorus content after incubation « 0, by which 

only minimum phytase synergy can be calculated 
add.: additive efficiency 



30 Example V 

As enzymic phytin hydrolysis differed strongly between different feeds (example IV), it could be 
expected that phytin hydrolysis depends on the plant raw materials composing the feed. 

The hydrolysis of plant, phytin from different origin, and the efficiency of A. ficuum phytase 0.6/1 and 
35 acid phosphatase 1/0, added solely or in combination, on different plant raw materials, was tested in vitro. 

Phytase 0.6/1 was dosed at 0.35-0.7 Up/g and acid phosphatase 1/0 at 1 Ua/g feedstuff. Phytase 0.6/1 
was supplemented with acid, phosphatase 1/0 to a/p 2/1 adding respectively 0.5 and 1 Ua acid 
phosphatase/g. Incubation conditions were similar to example II (80% humidity). Phytin hydrolysis was 
analysed and phytase efficiency was calculated as in example II; the synergetic effect was calculated as in 
40 example III. 

Phytase efficiency on peas was very low (0.15 g PP/500 Up), with no synergetic interaction of the acid 
phosphatase. 

The greatest synergy was found in those plant raw materials in which phytin was easily hydrolysed by 
the phytase and hardly hydrolysed by the acid phosphatase, f.e. soya beans and wheat bran. 
45 A low synergy was found when the acid phosphatase itself already hydrolysed the plant phytin more 
efficiently, f.e. rice bran. 
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Table 5 

g PP / 500 U 
a/p 



Feedstuff 


% PP 


0 


.6/1 


l/0(*) 


0 


•6/l->2/l 


add. 


synergy 


peas 


0.21 


0 


. 15 


0.1 


0 


.30 


0.29 


0.01 


soya beans 


0.35 


1 


.1 


0.2 


1 


.95 


1.38 


0.57 


wheat bran 


0.73 


1 


.6 


0.2 


2 


.35 


1.88 


0.47 


rice bran 


1.33 


1 


.8 


0.8 


3 


.05 


2.92 


0.13 



10 



15 



20 



U : Up 

(*) : g PP/ 500 Ua 

add. : additive efficiency 



Example VI 

25 In vitro phytin hydrolysis in standard pig feed (example II) by Aspergillus niger phytase preparations 
with different a/p ratio. Phytase was dosed at 0.7 or 1 Up/g feed. Incubation conditions were similar to 
example II (70% humidity). 

Phytin hydrolysis was analysed and phytase efficiency was calculated as in example II. 
As the a/p ratio of the A. niger phytase preparations increased (at low ratio), efficiency of the 
30 preparations increased: phytase efficiency varies between 0.75 and 1.15 g PP/500 Up, depending on the 
a/p ratio of the phytase. 



Table 6 



a/p 


g PP / 500 Up 


1.1/1 


0.75 


1.5/1 


1.00 


1.6/1 


1.15 



Example VII . 

In vitro phytin hydrolysis in standard pig feed (example II) by Aspergillus niger phytase preparation 
a/p 1.15/1, supplemented with acid phosphatase from Aspergillus niger (An) or Aspergillus ficuum NRRL 
3135 (At), to increase a/p ratio to respectively 1.9/1 and 1.6/1. 

A. niger phytase 1.15/1 was dosed at 0.7 Up/g feed; 0.5 Ua A. niger or 0.3 Ua A ficuum acid 
phosphatase/g were added to the A. niger phytase to increase a/p ratio to resp. 1.9/1 (An) and 1.6/1 (Af). 
Acid phosphatases were dosed solely to the feed at 0.5 Ua A. niger or 0.3 Ua A. ficuumlg. 

Incubation conditions were similar to example II (80% humidity). Phytin hydrolysis was analysed and 
phytase efficiency was calculated as in example II. 

The synergetic effect between A. niger phytase a/p 1.15/1 and acid phosphatases 1/0. either from A 
niger or A. ficuum, was calculated as in example III. 
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Table 7 

g PP / 500 U 

a/p add. synergy 

A . niger 1/0 (*) 0 .25 

A. ficuu/n l/0(*) 0.30 

A. niger 1.15/1 1.25 

1.15/1 -> 1.9/1 (An) >1.65 1.44 >0.21 

1.15/1 -> 1.6/1 (Af) >1.65 1.48 >0.17 

U : Up 

(*) : g PP/ 500 acid phosphatase pH 2.5 units 

> : phytin phosphorus content after incubation = 0, by which 

only minimum phytase synergy can be calculated 
add. : additive efficiency 

Example VHt. 

In vitro phytin hydrolysis by A. ficuum phytase (AO, supplemented with A. niger acid phosphatase 
(An), in standard pig feed. Phytase 0,6/1 was dosed at 0.7 Up/g; the phytase was supplemented with 0.85- 
0.9 Ua/g acid phosphatase 1/0 to obtain phytase preparations with respectively a/p ratio 1.8/1 and 1.9/1. 

Acid phosphatase 1/0 was dosed at 1 Ua/g. 

Incubation conditions were similar to example II (80% humidity). 

Phytin hydrolysis was analysed and phytase efficiency was calculated as in example II. The synergetic 
effect between A. ficuum phytase 0.6/1 and A n/ger acid phosphatase 1/0 was calculated as in example III. 

Table 9 

g PP/500 U 

a/p add. synergy 

0.6/1 (Af) 0.85 

1/0 (An) (*) 0.25 

0.6/l->1.8/l 1.5 1.15 0.35 

0.6/l->1.9/l . 1.8 1.18 0.62 

U : Up 

(*) : g PP/ 500 Ua 

add. : additive efficiency 
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Example IX 



70 



In vitro thermostability of A ficuum phytase 0.6/1 and acid phosphatase 1/0 was tested in standard pig 
feed (example II) in closed vials, immersed in a water bath, simulating feed mill conditions. 

20 g pig feed, containing 1750 Ua phytase or acid phosphatase was mixed with 480 g pig feed 
resulting in a feed with 3500 Ua/kg. Vials were filled with 7 g of the enzyme supplemented feed, containing 
10.5 Ua phytase or acid phosphatase. Humidity of the feed was 12.2%. The vials were closed and 
immersed in a waterbath at different temperatures (70-90 'Q, during 10 minutes. Residual acid 
phosphatase and phytase activity at pH 2.5 was measured after enzyme extraction: 3 g of the temperature 
treated feed was extracted with 50 ml 0.1 M pH 2.5 So re n sen buffer during 30 minutes, and phytase or acid 
phosphatase activity in the feed extract was determined at pH 2.5 on dodecasodium phytate according to 
example I. The activity, measured in the non-treated feed, was set 100%, and all activities were calculated 
as percentage remaining activity. 



75 



Table 9 



20 



TCC) 


| remaining activity (%) I 


phytase 0.6/1 


acid phosphatase 1/0 


70 


61 


100 


80 


33 


67 


90 


4 


34 



25 



30 



35 



40 



Example X 

Pig feed was pelletted on pilote scale after addition of liquid A. ficuum phytase 0.6/1 or acid 
phosphatase 1/0. Both enzymes were dosed at 165000 Ua/550 g premix, which was then added to 55 kg 
pig feed before pelleting. 

Main components of the pig feed were: peas, rape seed extracted, maize gluten feed and tapioca. 

Temperature of the pellets, leaving the die of the mill, was controlled between 69 and 74 °C by addition 
of steam. 

Phytase and acid phosphatase pH 2.5 activity of the meal and the pellets was measured after feed 
extraction: 5 g of the feed was extracted with 50 ml 0.1 M pH 2.5 Sorensen buffer during 30 minutes, and 
phytase or acid phosphatase activity was measured at pH 2.5 on dodecasodium phytate according to 
example I. Activity in the meal feed (3 Ua/g) was set 100%. 

The % humidity of the phytase and acid phosphatase feed decreased respectively from 11.6 and 11.9 
in the meal conditioner to 10.6 and 10.8 in the cooled pellets. 

Table 10 



45 



phytase 


acid phosphatase 


T('C) 


remaining activity (%) 


TCC) 


remaining activity (%) 


68.6 


50 


71.6 


76 


72.1 


41 


73.0 


77 


74.2 


35 


73.1 


67 



50 



55 



Example XI 

A. ficuum phytase 0.6/1 and phytase 1.25/1 preparations were supplemented to pig feed at 900 Up/kg 
feed, followed by feed pelleting on industrial scale. Main components of the feed were: peas, maize gluten 
feed, soya beans extracted and tapioca. Phytin phosphorus concentration was 0.37%, measured according 
to example II. Temperature. of the pellets, leaving the die of the mill, was comparable (74.5 *C). Phytase 
survival was measured by in vitro phytin hydrolysis in the pelleted feed: 2 g of the phytase feed was 
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incubated as in example II (80% humidity). Phytin hydrolysis was analysed and phytase efficiency was 
calculated as in example II. The phytase efficiency in the meal feed, before pelleting was set 100%. 
Phytase 1.25/1 efficiency in the pelleted feed is 190% (0.75) of phytase 0.6/1 efficiency (0.4), whereas its 
efficiency in the meal feed is only 160% (0.95) of the phytase 0.6/1 efficiency (0.6). 

Table 1 1 





phytase 0.6/1 


phytase 1 .25/1 




g PP/500 Up 


% 


g PP/500 Up 


% 


meal 


0.6 


100 


0.95 


100 


pellet 










74.4 -C 


0.4 


66 






74.6 • C 






0.75 


79 



Example XII 

20 

Phosphorus digestion trial I (12 pigs, 3 pigs/ feed). 

Control pig feed was formulated on 2 g/kg digestible phosphorus (dP) (Feed I), and a total phosphorus 
content of 5.8 g/kg. Feed I contained mainly peas, tapioca, maVze gluten feed, wheat gluten feed and soya 
beans extracted. 

25 Phytase-containing pig feeds were formulated to a total phosphorus content of 4.4 g/kg and 1.17 g/kg 
digestible phosphorus, containing the same main components as feed I. They were supplemented with 
different A. ficuum phytase preparations: 750 Up phytase (0.6/1 )/kg (Feed II), 1050 Ua acid phosphatase 
(1/0)/kg (Feed IV), and a mixture of 750 Up phytase + 1050 Ua acid phosphatase/kg (Feed III) to obtain an 
a/p ratio = 2/1. Concentrated enzyme solutions were added to the meal feed. Twelve (12) pigs were kept in 

30 individual pens and were fed the feed for 17 days (7 d preliminary and 10 d test) (3 pigs/feed) with a daily 
feed intake of 1800 g, and a total intake of 18 kg during the test period. Faeces were collected per pig 
during these 10 days, and total phosphorus excretion was determined on the collected faeces according to 
the EEC method. The apparent phosphorus digestion coefficient (DC-P (%)) was calculated by the 
difference between total phosphorus intake and total phosphorus excretion. 

35 

f.e. Feed I: 



40 



total phosphorus intake (tot-P in) 
total phosphorus excretion (tot-P out) 



104.4 g = 100% 
70.9 g = 67.9% 



45 



DC-P (%) = 100- 67.9 (%) = 32.1. 

Digestible phosphorus (g dP/kg) is then calculated as: 

total phosphorus concentration in the feed ' DC-P f.e. Feed I : g dP /kg = 5.8 g P/kg " 0.321 = 1.86. 
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Table 12 





tot-P in (g) 


tot-P out (g) 


DC-P (%) 


dPg/kg 


Feed I : 5.8 g P/kg - 2 g dP/kg 




104.4 


70.9 (100 %) 


32.1 


1.86 


Feed II : 4.4 g P/kg - 1.17 g dP/kg + 750 Up phytase(pH5)/kg 




79.2 


44.2 (-37 %) 


44.3 


1.95 


Feed III: Feed II + 1050 Ua acid phosphatase (pH 2.5)/kg 




79.2 


41.7 (-41 %) 


47.3 . 


2.06 


Feed IV : 4.4 g P/kg - 


1.17'gdP/kg + 1050 Ua/kg 






79.2 


58.1 (-18%) 


26.7 


1.17 


DC-P 


: digestion coefficient phosphorus 






dP : digestible phosphorus 






tot-P in : total phosphorus intake 






tot-P out: total phosphorus excretion 







Example Xltl 

25 

Phosphorus digestion trial II (24 pigs, 8 pigs/ feed). 

Control pig feed was formujated to 2 g/kg digestible phosphorus and 6.1 g/kg total phosphorus (Feed I). 

Feed I contained mainly peas, tapioca, wheat gluten feed and soya beans extracted; phosphorus was partly 

supplied by mono-calcium phosphate. Phytase-containing feeds were formulated to 5.2 g/kg total phos- 
30 phorus and 1 .4 g/kg digestible phosphorus, containing the same main components as feed I, with omission 

of mono-calcium phosphate. 

They were supplemented with either phytase 0.6/1 , at a recommended level of 400 -Up/kg (Feed II), or a 

mixture of 580 Ua acid phosphatase 1/0. + 400 Up phytase 0.6/1 / kg to obtain an a/p ratio = 2/1 (Feed III). 

Phytase solutions were added to the meal feed. Twenty-four (24) pigs were kept in individual pens and 
35 were fed the feed for 17 days (7 d preliminary and 10 d test) (8 pigs/feed) with a daily intake of 1800 g, and 

a total intake of 18 kg during the test period. Faeces were collected per pig during these 10 days, and the 

total phosphorus excretion was measured on the collected faeces according to the EEC method. Digestible 

phosporus (DC-P % and g dP/kg) were calculated as in example XII. 

40 Table 13 





tot-P in (g) 


tot-P out (g) 


DC-P (%) 


dP g/kg 


Feed I .: 6.1 g P/kg - 


2 g dP/kg 








109.8 


73.4 (100%) 


32.9 


2.01 


Feed II : 5.2 g P/kg - 


1 .4 g dP/kg - 400 Up phytase/kg 






93.6 


58 (-21%) 


38.1 


1.98 


Feed III: Feed II + 580 Ua acid phosphatase/kg 




93.6 


55.4 (-24.5%) 


40.8 


2.12 


DC-P : digestion coefficient phosphorus 
dP : digestible phosphorus 
tot-P in : total phosphorus intake 
tot-P out: total phosphorus excretion 
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Example XIV 

In vivo phytase efficiency (g dP/500 Up) of liquid A. ficuum phytase and acid phosphatase, dosed at 
different levels to pig feed (meal) (example XII and XIII). 
5 The in vivo phytase efficiency was defined as the amount of phosphorus released during digestion by 
500 Units (Up) phytase (0.6/1 or 2/1) added to the feed (gdP/500 Up). 

The amount of phosphorus, liberated by the enzymes, is calculated as the difference between the 
formulated digestible phosphorus in the feed, and the digestible phosphorus, calculated from the animal trial 
as in example XII. 

10 

i.e.: 



75 



digestible phosphorus formulated in the feed 
digestible phosphorus from the animal trial 



1.17 g/kg 
2.06 g/kg 



phytase content of the feed: 750 Up phytase + 1050 Ua acid phosphatase/kg 
phytase efficiency (g dP/500 Up) : (2.06 - 1.17) * 500/750 = 0.59. 
20 . As the in vivo efficiency of the acid phosphatase is 0. the synergetic efficiency is calculated as the 
difference between the efficiency of the 2/1 acid phosphatase/ phytase mixture, and the phytase 0.6/1 . 







Table 14 








25 


phytase/acid 


g dP/kg 




g dP/500 Up 




phosphatase dosis feed 


animal 


enzyme 




synergy 




(units /kg) formulation 


trial 


effect 






30 


750 Up 1.17 


1. 95 


0.78 


0.52 






1050 Ua(*) 1.17 


1.17 


0.00 


0.00 






750 Up + 1050 Ua 1.17 


2.06 


0.89 


0.59 


0.07 


35 


400 Up 1.40 


1.98 


0.58 


0.725 






400 Up + 580 Ua 1.40 


2.12 


0.72 


0.9 


0.175 


40 


U : phytase pH 5.0 units 











45 



Ua : acid phosphatase pH 2.5 units 
(*) : g dP/500 Ua 
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Claims 



1. An enzyme composition having a phytate hydrolyzing activity comprising a phytase having a phytate 
hydrolyzing activity at a pH in the range of from 2.5 to 5.0 and an acid phosphatase having a phytate 
hydrolyzing activity at a pH of 2.5, in a ratio corresponding to a pH 2.5/5,0 profile of from 0.8/1.0 to 3/1 
having a synergetic action on phytate. 

2. An enzyme composition according to claim 1 wherein the acid phosphatase/phytase ratio corresponds 
to a pH 2.5/5.0 profile of from 1/1 to 2.5/1. 

3. An enzyme composition according to claim 1 wherein the acid phosphatase/phytase ratio corresponds 
to a pH 2.5/5.0 profile of from 1.5/1 to 2/1. 
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4. An enzyme composition according to anyone of the claims 1 to 3 wherein the phytase is a fungal 
phytase. 

5. An enzyme composition according to claim 4 wherein the fungal phytase is an Aspergillus phytase. 

5 

6. An enzyme composition according to claim 4 wherein the fungal phytase is selected from the group 
consisting of Aspergillus ficuum phytase. Aspergillus niger phytase and Aspergillus terreus phytase. 

7. An enzyme composition according to anyone of the claims 1 to 3 wherein the acid phosphatase is a 
io fungal acid phosphatase. 

8. An enzyme composition according to claim 7 wherein the fungal acid phosphatase is an Aspergillus 
acid phosphatase. 

75 9. An enzyme composition according to claim 7 wherein the fungal acid phosphatase is selected from the 
group consisting of Aspergillus ficuum acid phosphatase, Aspergillus niger acid phosphatase and 
Aspergillus terreus acid phosphatase. 

10. An enzyme composition according to anyone of the claims 1 to 9 wherein the acid phosphatase is a 
20 thermally stable acid phosphatase. 

11. An enzyme composition according to anyone of the claims 1 to 9 wherein the acid phosphatase is 
thermally more stable than the phytase. 

25 12. An enzyme composition according to anyone of the claims 1 to 11 displaying an improved ratio through 
thermal treatment. 

13. A food, feed or fodder product, or a component thereof, containing an enzyme composition according 
to anyone of the claims 1 to 12. 

30 

14. A thermally treated food, feed or fodder product, or a corriponent thereof, containing an enzyme 
composition according to anyone of the claims 1 to 12. 

15. A process for hydrolyzing phytate, comprising the step of treating a raw material which contains 
35 phytate with an enzyme composition according to anyone of the claims 1 to 12, said treatment being 

carried out under hydrolyzing conditions at a pH where the phytase and acid phosphatase of said 
enzyme composition have hydrolyzing activity. 

16. A process according to claim 15 wherein said treatment is carried out at a pH of from about 2 to about 
40 6. 

17. A process according to claim 15 wherein said treatment is carried out at a pH of about 2.5. 

18. A process according to anyone of the claims 1 to 17 wherein the phytate-containing raw material is a 
45 vegetable (plant) raw material. 

19. A process according to claim 18 wherein said plant raw material is a soyabean or wheal raw material. 

20. A genetically modified plant, or a part or product derived therefrom, said plant containing a gene 
50 encoding a tungal phytase and a gene encoding a fungal acid phosphatase, both genes being 

effectively linked to transcriptional and translational control sequences to allow expression of the 
enzymes encoded by said genes. 

21. A process for improving feed or fodder digestion in livestock production and reducing phosphorus 
55 excretion in livestock manure, comprising feeding the livestock with a feed or fodder containing an 

enzyme composition according to anyone of the claims 1 to 12. 
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Figure 1 : in vitro phytin hydolysis by A. 

ficuum phytase preparations in 
function of pH 2.5 activity 
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Figure 2 : in vitro phytin hydrolysis by A. 

ficuum phytase preparations in 
function of pH 5.0 activity 
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Figure 3 : in vitro synergetic effect between 
phytase 0.6/1 and acid phosphatase 
1/0 in different A. ficuum phytase 
preparations. 
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